Introduction
The extraordinarily masculinized external genitalia of the female spotted hyaena are typically attributed to the actions of naturally circulating androgens (Matthews, 1939; Racey and Skinner, 1979; Glickman et al, 1987; Licht et al, 1992) . In particular, formation of the penile clitoris and fused scrotum have been ascribed to androgens circulating during fetal life, either derived from the fetal ovary (Lindeque and Skinner, 1982) or transferred to the fetus from the placenta Yalcinkaya et al, 1993) . Examination of male and female hyaenas whose mothers were treated with anti¬ androgens during pregnancy revealed that there were substan¬ tial modulating effects of naturally circulating androgens on genital development in both sexes. However, all hyaenas born to anti-androgen treated females had a well-developed penis or pseudopenis and a fused scrotum or pseudoscrotum (Drea et al, 1998) . When pregnant female rodents and dogs are exposed to such treatments, their male offspring display an external vaginal opening and a penis of much-reduced size, with a urethra terminating near the base of the organ (Neumann et al, 1970; Neri et al, 1972) . In hyaenas, anti-androgen treatment merely exaggerated the normal species-typical phallic dimor¬ phism in the 'feminine' direction. These findings raised the possibility that the essential formation of the penile clitoris of the spotted hyaena was an androgen-independent event. Assuming that there is such an androgen-independent mech¬ anism of genital formation in this species, it might also be anticipated that it would operate during postnatal life to promote genital growth in the absence of androgens.
The aim of the present study was to pursue this line of argument and to re-examine the question of normal clitoral and penile growth in hyaenas and the effects of gonadectomy on such growth. The normal influence of androgens on postnatal penile growth is inferred from: (a) an accelerated period of penile growth during puberty, accompanying enhanced andro¬ gen production (Schonfeld, 1943) ; and (b) the reduction in genital growth exhibited by prepubertally castrated male mammals, compared with normal males or adult castrates (for example, Beach, 1970) . Furthermore, in species that display spines or papillae on the glans penis (for example, rats and dogs), castrates exhibit a reduction in the density of spines or papillae, or both, on the glans, with a much larger effect occurring in prepubertally castrated subjects (Beach and Levinson, 1950; Beach and Westbrook, 1968; Beach, 1970; Sachs et al., 1984 (Drea et al, 1998) and the average age at first conception was 33 months of age . (3) Since studies of normal female development are complicated by the effects of copulation and birth on the morphology of the external genitalia (Frank and Glickman, 1994; Frank et al, 1995) , complete assessment in intact animals is limited to the first 3 years of life. Thus, for comparison of body growth and genital measures, three 2 month age intervals were selected: an 'infant' period (2-4 months), which involved the earliest age at which measures could be taken from the developing genitalia; a 'juvenile' period (12-14 months), which tapped both sexes before an increase in pubertal steroids; and a 'young adult' stage (30-32 months), when all hyaenas would have displayed mature steroid profiles, but before females engaged in copulatory behavior (Fig. 1c) . These data suggest a slightly different pattern of phallic growth in female hyaenas. Although 72% of growth in the diameter of the glans clitoridis and 66% of growth in clitoral length was achieved by 1 year of age (Fig. la,b (Fig. 2) Spine density. The presence of spines and papillae, although typically a masculine feature (for example, in rats and dogs; Beach, 1970; Sachs et al, 1984) , has been reported in the females of certain lemuriform species that display a peniform clitoris (Ioannou, 1971 Spine density. Prepubertal gonadectomies had virtually no effect on spine density (Fig. 3) . The single castrated male for which spine data were available was observed at 11 years of age (Fig. 4b) . Although this animal was excluded from statisti¬ cal analyses, it displayed a density of spines that fell within the range of intact males (Fig. 3) Fig. 3 ).
Oestrogen replacement in ovariectomized hyaenas
The changes in genital and nipple measurements accompa¬ nying exposure to oestradiol in prepubertally ovariectomized spotted hyaenas are shown (Fig. 5) . In adulthood, ovariect¬ omized females showed a significant increase in clitoral glans diameter (f4 = 3.03, < 0.05; Fig.5a ), length of the stretched urogenital meatus (f4 = 3.86, < 0.05; Fig. 5b (Plant, 1988) , including men (Schonfeld, 1943; Tanner, 1978) . In men, the length and circumference of the penis increase only 25% during the period between 1 and 11.5 years of age, whereas 75% of growth occurs between 11.5 and 17 years of age, presumably because of the stimulating effects of gonadal testosterone accompanying puberty (Schonfeld, 1943; Figs 5 and 6). In hyaenas, penile length, glans diameter, and body length all displayed greater absolute growth during the juvenile period (from 3 to 13 months of age), than during a much longer period encompassing puberty (from 13 to 31 months of age). The increased plasma testosterone concen¬ trations observed at birth decline rapidly during the first month of life and do not increase again until 16-20 months of age . There is little circulating testosterone from 3 to 13 months of age and puberty is generally achieved in male spotted hyaenas between 18 and 24 months of age; Fig. 4 . Photographs of the erect penis of (a) a 1-year-old male castrated at 37 days of age and (b) an 11-year-old male castrated at 6 months of age, both showing rigid erectile capability, as well as the angular contour normally observed in control males.
however, genital growth is virtually complete before the pubertal increase in testosterone concentration. Kruuk (1972) has noted that the penis or clitoris of the infant hyaena is unusually well developed when compared with that of other mammals. This precocious development may be facilitated by the high concentrations of testosterone and androstenedione circulating in male and female fetuses during fetal and neonatal life. The results reported by Drea et al (1998) on the effects of anti-androgens administered during fetal life offer some support for this hypothesis. However, there is also substantial penile and clitoral development in fetal hyaenas exposed to anti-androgens during the majority of the intra-uterine period.
The pattern of increase in clitoral length and body length in female hyaenas resembled that in males, in that the majority of growth was achieved well before puberty. However, whereas all measures of male genital development showed an early plateau, clitoral length and, particularly, clitoral glans diameter continued to increase after the first year. This period of growth coincides with the pubertal period (21-33 months of age), which is marked by an increment in plasma concentrations of oestrogen . The elasticity of the urogeni¬ tal meatus also shows a marked increment during this period in normal female hyaenas (Drea et al, 1998) .
Prepubertal gonadectomy also had little apparent effect on hyaena penile morphology. In male dogs and rodents, prepu¬ bertal castration results in reduced genital growth and in fewer penile spines (Beach and Levinson, 1950; Beach and Westbrook, 1968; Beach, 1970 Beach, , 1984 Sachs et al, 1984 , although possible facilitating effects of residual adrenal androgens on genital growth cannot be ruled out. In female spotted hyaenas, the actions of prenatal androgens also serve to modify the clitoris in the male direction (for example, reducing the size of the urogenital meatus), while postnatal effects of oestrogens, and possibly relaxin (Steinetz et al, 1997) , promote a set of feminine characteristics that facilitate copulation and birth. Development of the external genitalia of spotted hyaenas involves the integrated action of androgens, other steroids and androgen-independent mechanisms. Spotted hyaenas have elaborate meeting ceremonies, during which the participants stand side-by-side, head-to-tail, and inspect the erect genitalia of the adjacent hyaena (Kruuk, 1972 (Fig. 4) . These results clearly indicate that the mechanisms underlying both the psychological stimuli induc¬ ing the erections associated with meeting ceremonies, and the actual neuromuscular genital reflexes are not dependent on gonadal androgens. However, both dogs (Beach, 1970 (Beach, , 1984 and rhesus monkeys (Goy, 1964) 
